Objectives: To examine the longitudinal relationship between occupational and domestic sources of physical activity and body weight in a sample of Chinese adults. Methods: Population-based longitudinal observational study of Chinese adults (4697 women and 4708 men) aged 18-55 from the 1991, 1993, 1997, and 2000 waves of the China Health and Nutrition Survey. Measured height and weight and detailed self-reported energy expenditure from multiple occupational and domestic sources were assessed over a 9-year period. Longitudinal relationships were modeled using linear random effects models. Results: Increased occupational physical activity resulted in overall lower body weight for both men and women (b-coefficients (95% confidence interval (CI)) for high levels: À0.46 (À0.76, À0.15) for men, À0.36 (À0.62, À0.10) for women, and increased domestic physical activity resulted in overall lower body weight in men (b-coefficient (95% CI): À0.40 (À0.62, À0.18)). Conclusions: Physical activity that occurs in the occupational and domestic sectors is often overlooked; yet our research suggests they have important effects on body weight in Chinese adults. As China continues to urbanize, energy expenditure from these sources is decreasing, and our results point out the need to explore these types of physical activity more broadly across the world as potential sources of weight gain.
Introduction
Obesity has become a global concern (WHO/FAO, 2003) . While there is enormous heterogeneity in the prevalence of obesity throughout the world, overall obesity prevalence is lower in less-developed than in developed countries (Mendez et al., 2005) . Nonetheless, very high levels of overweight and obesity exist across the lower-and middle-income world and rates of increase are great (Mendez et al., 2005; Popkin, 2006; Popkin et al., 2006) . This is certainly true in China, where there has been a recent and dramatic rise in the number of overweight adults in the recent past (Bell et al., 2001; Du et al., 2002) . Further, rapid economic and social change has led to increased use of time-and laborsaving technologies, potentially reducing energy expenditure in both the home and occupational sectors (Popkin, 2003) . In fact, some economists have argued that technological change is partly responsible for the obesity epidemic, because of its effect of reducing energy expenditure in the workplace (Lakdawalla and Philipson, 2002; Philipson and Posner, 2003) .
Research examining the association between physical activity and overweight has largely focused on leisure-time physical activity rather than other sources of energy expenditure. However, evidence from studies that have examined physical activity in the domestic and occupational spheres has shown these sources to be important (Weller and Corey, 1998; Evenson et al., 2003) . In China, occupational activity has been shown to be the key modifiable determinant of weight gain (Bell et al., 2001) . However, there is limited population-based, longitudinal research on weight and activity trends. This study attempts to address these gaps by studying the longitudinal association of weight to energy expended in occupational and domestic physical activity in a diverse sample of Chinese adults.
Methods

Study population
Data were derived from the China Health and Nutrition Survey (CHNS), an ongoing longitudinal survey initially conducted in 1989 in eight provinces. While the survey is not nationally representative, the provinces do vary substantially in geography, stage of economic development and health status. Four counties within each province (1 low-, 2 middle-and 1 high-income, based on per capita income reported by the National Bureau of Statistics) were randomly selected using a weighted sampling scheme. In addition, the provincial capital city along with a lower-income city was selected. Villages and townships within the counties and urban, and suburban neighborhoods within the cities were selected randomly, for a total of 190 primary sampling units (PSU) at baseline. Twenty randomly selected households were surveyed within each PSU, and all individuals within a household were interviewed.
For these analyses, we used all available data from adults aged 18-55 years surveyed in 1991, 1993, 1997 and 2000 (N ¼ 4697 women and N ¼ 4708 men) . Individuals missing data for any variable included in the final models were excluded, as were pregnant women (n ¼ 97). Response rates were 88.1, 88.2, 80.4 and 82.9% for the 1991, 1993, 1997 and 2000 survey years, respectively. Data from the 1989 survey were not used due to differences in the questionnaire over time.
Study variables
Anthropometrics and overweight status. Trained health workers (teams of two, four teams/PSU) collected anthropometric data during a comprehensive physical exam at a local clinic or at the respondent's home if necessary. Height was measured without shoes to the nearest 0.2 cm using a portable stadiometer; weight was measured without shoes and in light clothing to the nearest 0.1 kg on a calibrated beam scale. Overweight and obesity were defined using the body mass index (weight in kilograms/height meters 2 ) cut points of 25 and 30, respectively.
Occupational activity. Respondents reported wage-earning occupation(s) worked in the last year from jobs both outside the home (that is, market sector jobs such as working in an office) as well as those worked from home. Data were included from up to two market-based jobs; home-based jobs included working on a farm, working in a vegetable garden or orchard, raising livestock or poultry, work fishing and working in a home business. For each occupation, respondents reported the average number of hours per week worked in the last year.
To create a measure of energy expenditure, time spent in each occupation was multiplied by a specific metabolic equivalent (MET) intensity value; final units were MET-h/ week. During a detailed interview, respondents were asked about the time spent sitting, standing, walking and lifting heavy loads during an average working day, and then were categorized as having light, moderate or heavy occupational activity. While formal reliability and validity analyses have not been run on this variable, several published studies have found it to be a significant predictor of weight (Paeratakul et al., 1998; Bell et al., 2001; Stookey et al., 2001) . Further, it is closely related to several survey instruments, which have been shown to have good reliability and validity in diverse populations (Baecke et al., 1982; Philippaerts and Lefevre, 1998; Ainsworth et al., 1999; Reis et al., 2005) . Reported occupations were then cross-tabbed against this self-reported measure of occupational activity; for each specific occupation, MET values of 2 (light), 4 (moderate) or 6 (heavy) (Pate et al., 1995) were assigned based on how the majority of respondents reporting this occupation were classified. Farming, fishing, working in a garden/orchard and working in livestock were reported as high-intensity occupations and was assigned a MET value of 6. MET values of 4 were assigned to those working as a skilled worker (foreman, group leader and craftsman), as a non-skilled worker (ordinary laborer and logger) and as a driver, homemaker, or student. MET values of 2 were assigned to those working in a home business, working as a senior or junior professional, working as an administrator, executive, manager, or office staff and working as an army or police officer. For those reporting more than one job, individual MET-h/week values were summed to obtain a measure of total occupational energy expenditure. This value was categorized based on a 40-h work week as o3 (light), 3-6 (moderate) and X6 (vigorous) METs (that is, o120, 120-240 and X240 MET-h/week).
Domestic activity.
For an overall measure of domestic physical activity, we used four different activities that were available in all survey years: time spent preparing food, buying food, doing laundry and in childcare. All activities were reported in average h/week spent in the past year.
To create a measure of domestic energy expenditure, time spent in each activity was multiplied by a specific MET intensity value; final units were MET-h/week. We used the Compendium of Physical Activities (Ainsworth et al., 2000) to assign specific MET intensity values: 2.25 for preparing food, 2.3 for buying food, 2.15 for doing laundry and 2.75 for childcare. Although all of these activities are of light intensity, we hypothesized that the amount of time spent overall warranted their examination. Individual MET-h/week values were summed to obtain a measure of total domestic energy expenditure. Categories for domestic activity for women were created based on the observed relationship with overweight status in the data at baseline: 0, 40 to o50, 50-200 and X200 MET-h/week. For men, who spent far less time in domestic activity, the variable was dichotomized as any versus none. On average, the majority of time was spent in childcare, and because these hours may be overestimated due to multitasking, we also ran analyses with this activity separated out from the other three. Categories for men were still dichotomized as any versus none, while categories for women were, for childcare: 0, 40 to o200 and X200 MET-h/ week, and for the remaining three domestic activities: 0, 40 to o40, and X40 MET-h/week.
Statistical analysis
Longitudinal linear random effects models were used to investigate the relationship of occupational and domestic activity to weight. These models assess the net effect of changing occupational or domestic activity category on change in weight over all survey periods. Further, they adjust for the correlation between repeated observations taken in the same subject and have the advantage of handling longitudinal data on subjects with varying number and unequally spaced observations. All analyses were stratified by gender. Covariates were age and age-squared, total energy intake, and height (all used continuously); deflated household income per capita (comparing low to middle or high income); education (categorized as primary school or less, middle school, high school or college); urban (versus rural) residence; and survey year. Potential interactions between urban residence and activity and between survey year and activity were examined, but no meaningful effect modification was observed.
In our first model, occupational activity was included with domestic activity and covariates; our second model separated childcare out from the other three forms of domestic activity. Finally, longitudinal models were run to estimate the effect on weight of owning various laborsaving household devices. Statistical procedures were implemented using Stata version 9.1 (Stata Corporation, College Station, TX, USA).
Results
At baseline (1991), men and women with less occupational activity had higher overweight prevalence (Table 1) . Overweight prevalence was higher in urban residents and individuals of middle or upper income. Among men only, overweight prevalence was significantly higher in those with some college or technical education.
Time trends of weight status and energy expenditure Figure 1 shows trends in the prevalence of overweight and obesity between 1991 and 2000. Overweight increased in men from 7.9 to 19.4%, and in women from 12.2 to 20.7%. While the obese represent a small proportion, obesity increased 233 and 108% in the 9-year period for men and women, respectively. Figure 2 shows trends in the average occupational and domestic energy expenditure by gender over the 9-year study period. Energy expenditure from occupational sources declined 22 and 24% in men and women, respectively, whereas that from domestic sources declined 57 and 51%. At baseline, women worked only marginally more occupational MET-h/week than men, but worked over four times as many domestic MET-h/week.
There have also been substantial shifts in the types of jobs commonly held by the adult populace. Although highly active farming was the most frequently reported occupation Between 1991 and 2000 acquisition of laborsaving household goods increased dramatically. Ownership of washing machines rose from 40 to 54%, and that of refrigerators from 17 to 38%. Cooking appliances, such as electric pots and pressure cookers, rose from 20 to 49% and 25 to 43%, respectively, whereas microwave ovens are still relatively uncommon, ownership rose from less than 1 to 6%. Overall ownership of appliances was higher in urban than in rural areas; however, the rate of acquisition in the rural areas exceeded that in the urban areas.
Determinants of body weight in men and women
Results of regressing weight on occupational and domestic activity are summarized in Table 2 . Results from Model 1 show that for men, the net effect of increasing from a lowintensity occupation (o120 MET-h/week) to a moderate intensity occupation (120-240 MET-h/week) was a significant reduction in weight of, on average, 0.3 kg (b-coefficient: -0.29); increasing from a low to high-intensity occupation (X240 MET-h/week) had the net effect of significantly reducing weight, on average 0.5 kg (b-coefficient: À0.46). Similarly for women, increasing from a low to moderate or a low to high-intensity occupation had the net effect of significantly reducing weight 0.3 and 0.4 kg, respectively (b-coefficients: À0.29 and À0.36).
Results from total domestic activity (Model 1) indicate that, for men, the net effect of any domestic activity resulted in a significant reduction in weight of approximately 0.5 kg. When childcare was separated from the other three domestic tasks (Model 2), both had an inverse association with weight; however, the effect of childcare on weight was slightly less than that from the other three tasks, and failed to reach statistical significance.
For women, although coefficients from total domestic activity (Model 1) were in the expected inverse direction, they failed to reach statistical significance, and do not indicate a dose-response relationship with increasing levels of energy expenditure. Similarly, when childcare was separated from the other types of domestic activity (Model 2), the coefficients for both were in the expected inverse direction but again failed to reach statistical significance. While there was the suggestion of an inverse dose-response relationship with increasing levels of energy expenditure in childcare, this was not seen with the other types of activity. Table 3 presents results from analyses in which we investigated the net effect of owning various laborsaving domestic appliances on weight in men and women. Results indicate that, in men, the net effect of ownership of any one of the appliances resulted in a significant increase in weight, most dramatically for refrigerators (b-coefficient: 1.37). In women, the net effect of owning a washing machine, refrigerator or an electric pot resulted in a significant increase in weight, whereas owning a microwave oven or a pressure cooker did not. To explore whether domestic activity was acting as a mediator in the relationship between ownership and weight, we ran a simple mediation analysis (Sobel, 1982) . Results (data not shown) indicated that in both men and women for all five laborsaving devices examined, domestic activity acted as a partial mediator of the relationship between device ownership and body weight.
Discussion
In this diverse sample of Chinese men and women, the prevalence of overweight nearly doubled in women and more than doubled in men between 1991 and 2000, a Occupational and domestic activity and body weight KL Monda et al troubling trend for the approximately 700 million Chinese adults. During the same period, energy expenditure from both occupational and domestic sources decreased. The primary results of this longitudinal study show that the net effect of increasing occupational physical activity resulted in overall lower body weight for both men and women, and increasing domestic physical activity resulted in overall lower body weight in men. We have also shown how the net effect of ownership of various laborsaving household devices resulted in overall increases in weight for both men and women.
While it is probable that some declines in occupational activity levels are occurring within job categories due to increasing technology and automation (Hill and Melanson, 1999; French et al., 2001) , this study did not attempt to capture within-job activity changes. Rather, declines in occupational activity were due to (1) decreases in the time spent and (2) shifts over time in the types of jobs held. In these data, between 1991 and 2000 the biggest decline in job type was in farming and the biggest increase was in home businesses. Overall, both men and women transitioned from more physically exerting jobs into more sedentary occupations.
Results from studies examining the relationship between occupational activity and obesity are mixed. While some inverse associations have been reported between occupational activity and obesity and its associated sequelae (King et al., 2001; Barengo et al., 2004; Mummery et al., 2005) , others have found no association (Ball et al., 2001; GutierrezFisac et al., 2002) . The majority of this work investigates Model 2 also includes occupational activity as specified in Model 1, results did not substantially differ so are not shown above. Longitudinal linear random effects models controlled for urban residence, age, income, education, total energy intake and survey year.
populations from higher-income countries where leisuretime physical activity is far more prevalent, and studies have shown the interaction of leisure time and occupational activity to be quite complex (Burton and Turrell, 2000; Salmon et al., 2000; King et al., 2001; Evenson et al., 2003) . However, in many developing countries, China included, adults acquire the majority of their daily physical activity in their working lives and leisure-time physical activity is relatively uncommon (Popkin, 1999; Caballero, 2001) ; thus highlighting the importance in considering occupation when assessing overall energy expenditure. For instance, in an earlier study using this cohort, Bell et al. (2001) found that occupational activity was the key modifiable determinant of weight gain. Further studies in Chinese populations have shown occupational shifts from more strenuous to less strenuous jobs to be associated with adverse changes in cardiovascular risk factors (Xu et al., 1997; Zhou et al., 2003) , and energy expenditure as measured by doubly labeled water in urban Chinese adults was found to be inversely associated with body fatness (Yao et al., 2003) .
We have also illustrated the decline in domestic activity in this population. In developing countries such as China, it is possible that domestic tasks substantially contribute to overall physical activity due to lower household mechanization; however, urbanization has promoted the acquisition of laborsaving devices in the home, which have been shown to decrease energy expenditure (Lanningham-Foster et al., 2003) . We hypothesized that the decline in domestic activity was partially attributable to the increasing availability and purchase of time-saving household devices not easily obtained in the past, and have demonstrated that not only has ownership of a number of these devices dramatically increased over the study period, but also that ownership is associated with increased weight in both men and women, after controlling for socioeconomic factors and urban residence. Obviously, ownership of these devices does not, per se, make one overweight; rather, we postulate that it operates by reducing time spent in domestic tasks. Alternatively, these measures might represent proxies for longterm overall wealth and may not affect time utilization patterns. Controlling for income, as we have done, is not equal to controlling for wealth. Thus, these effects may suffer to some degree from residual confounding. We did in fact find that domestic activity does not completely mediate the ownership-body weight relationship-suggesting not only that ownership has independent effects but also that there are other unknown potential mediating factors.
Recent research has highlighted the importance of including domestic activity in assessing total energy expenditure, primarily in women. In a prospective study examining the relationship between physical activity and mortality in women, Weller and Corey (1998) concluded that the inverse relations were mainly due to the contribution of domestic physical activity, whereas Phongsavan et al. (2004) concluded that inclusion of domestic sources of activity was important in women attaining sufficient levels of activity. In a cross-sectional study, however, while Lawlor et al. agreed that domestic activity was important in assessing sufficient levels of activity, it had no independent effect on levels of overweight in elderly white women (Lawlor et al., 2002) .
Our results suggest an inverse dose-response relationship of occupational activity with weight in men and women, whereas in men, we found a statistically significant inverse relationship between any domestic activity and weight. Differences between men and women in domestic activity could be due to the vigorousness with which tasks were completed, or perhaps that men tend to assume the more labor-intensive tasks within the household. In fact, research on rural Chinese men who undertake domestic work indicates they are generally middle-aged and married with no other women in the family to help with domestic duties (Jacka, 1997) . Thus, it may be incumbent on these men to contribute in ways that are more vigorous and laborintensive.
A major strength of this study is that we were able to include multiple sources of occupational activity. Many Chinese hold multiple jobs, both at home and away from home; thus, the inclusion of all activity allows a more complete assessment of total work. This may be especially important for women in developing countries because of the multiple responsibilities that women have Popkin, 1989, 1990; Donahoe, 1999; Short et al., 2002) . This importance is borne out when we examine the proportion of women who report having multiple work burdens: over 1/3 of women overall and over 40% of women residing in rural areas report doing three or more types of occupational work, in addition to their domestic responsibilities. A further strength of this study is our ability to assess and quantify domestic activity. While researchers have acknowledged its importance, this source of activity has been understudied and appears to be an important source of energy expenditure for this population.
A few limitations of this work warrant addressing. First, both occupational and domestic activity data rely on selfreport, which can lead to recall bias. Studies have shown that overweight individuals tend to over-report their physical activity (Lichtman et al., 1992; Buchowski et al., 1999) ; however, the majority of this work has not been done in populations from lower-income developing countries where the stigma with being overweight is much less established. Nonetheless, if this were the case in these data, overreporting of activity data would only serve to attenuate the estimates by misclassifying overweight individuals as being more active than they truly are. Second, it is possible that overweight individuals may self-select into specific job types, although this may be slightly less of a problem in China because jobs have tended to be more circumstantial with less mobility and job choice. Third, the use of job description to assess energy expenditure has been criticized because it can be subject to mismeasurement due to within-job variability and job intensity misclassification (Evenson et al., 2003; Vaz and Bharathi, 2004 ). Yet, it has been shown that methods similar to ours of assessing occupational activity by way of hours worked per week and the average MET intensities of job activities provide good validity (Ainsworth et al., 1993) . Finally, using METs to quantify energy expenditure does not take into account individual differences such as age, sex, and geographic and environmental conditions that may alter the energy cost of movement (Ainsworth et al., 2000) . However, despite its limitations, the MET approach remains the best available way to systematically apply energy cost estimates in self-report measures (Matthews, 2002) .
The trend toward increasing overweight and obesity continues unabated in this sample of Chinese adults, and, as we have seen in many other countries throughout all regions of the world, few of the individuals who gain weight lose that weight. Further, with ever increasing urbanization and technological advances as China continues in its social and economic transformation, increasing sedentariness in both occupational and domestic work appears to be inevitable (Monda et al., 2007) . It is unrealistic to expect that this trend will lessen in upcoming years, and adults will continue to transition into more sedentary jobs, and jobs that were once more labor-intensive will become more sedentary. If we look to developed countries as an example, we might expect that as young people enter the work force, their first jobs will more probably be sedentary, and their home lives will similarly be less active and more efficient, freeing up more leisure time. From a public health standpoint, it seems important that as this transition continues, the populace should be encouraged and advised to use the advent of more leisure time to engage in active pursuits in attempts to prevent and control a widespread obesity epidemic.
